An in vitro study was performed to assess the wettability of orthophosphoric acid after different procedures for cleaning the enamel surface. Ninety noncarious third molars were randomly distributed into three groups with different enamel surface treatments: an air-powder polisher unit, prophylaxis pastes, and no enamel surface cleaning. Three commercially available orthophosphoric acids were used, and there were 10 teeth in each group. Acid viscosity values and contact-angle measurements were obtained. Each enamel surface was also examined with the scanning electron microscope. Results suggested that the surface treatment with which the best spreading of the acid solution was attained was the air-powder polisher. The least spreading of the acid was obtained with prophylaxis pastes, in which contact angles were even higher than those obtained on the untreated enamel surface. The 3M acid solution was the one that showed the best spreading onto the enamel surface. 0 1996 John Wiley &Sons, Inc.
INTRODUCTION
Fissure sealants are now regarded as a definitive mode of treatment in the prevention of fissure caries. The preventive benefits of sealants are only gained and maintained as long as they remain completely intact and bonded in place.
The basis for the sealant retention is the acid-etch technique. It was first proposed by Buonocore and is now accepted as an integral part of dental procedures. The function of acid conditioning is to create mechanical interlocks within the enamel, to increase surface ~e t t a b i l i t y~.~ and enamel surface area, and to remove organic deposits from the tooth ~u r f a c e .~.~ Due to the morphology of fissures, the acid's ability to penetrate into the depths of the pits and fissures is extremely important.* The acid's ability to wet the enamel surface is called wettability. This is related to the acid surface tension and to the surface tension of the enamel.' Acid surface tension must be lower than the surface tension of the enamel to obtain better wettability. "-I2 A surface tension of approximately 28 mJ/m2 has been reported for enamel and it should be noted that after etching with 40% phosphoric acid, it rises to 72 mJ/m2.I3 The enamel surface properties are principally affected by surface roughness and materials deposited on the enamel surface.I4
Requests for reprints should be sent to Dr. Raquel Osono, Department of Dental Materials, Faculty ofodontology, University of Granada, Fuerzas Armadas n. Surface tension and wettability is assessed with the contact-angle technique,I4-l6 and it is accepted as an extremely sensitive method for monitoring the properties of test surfaces." A liquid drop on the surface ofa solid forms an angle in respect to this surface, which is called the contact angle (Fig. 1 ) . The Young equation relates the contact angle 6' formed by a droplet of liquid on a sustrate to interfacial tension y at the liquid-vapor (lv), solid-vapor (sv), and solid-liquid (sl) interfaces.
The product y(l,,cos 6' is defined as the wetting or adhesion tension, which can be experimentaly rneas~red.'~ A low contact-angle value indicates good wetting and a high value is indicative of poor wetting."
The aim of this study was to ascertain the changes in wettability of human enamel when cleaned by three different procedures. The contact angles of three commercially available acid etchants of different viscosities were measured. The surface topology of the specimens was studied by SEM.
MATERIALS AND METHODS

Study Design
A total of 90 extracted, nonerupted third molars, free of obvious crown surface defects, were used. The molars were stored in saline solution until use; storage time was less than 48 h for all specimens.
The teeth were randomly assigned to three different groups. The orthophosphoric acids used in each group of 30 teeth were: etching liquid (3M Dental Products, St. Paul, MN), etching solution (Rocky Mountain Orthodontic, Denver, CO), and email preparator (Vivadent, lvoclar AG, Schaan, Liechtenstein). The surface of the dental enamel was prepared in various ways: untreated surface; cleaned with a fluoride-free prophylaxis paste (Detartrine, Espgcialiti6s Septodont, Saint Maur, France), and a bristle brush rotating in a low speed handpiece: treatment with an air-powder polisher (Prophy Jet, Dentsply International Inc., York, PA), held at a 90" angle and placed 4 to 5 mm from the enamel surface." The Prophy Jet delivered a controlled stream of fine sodium bicarbonate particles (Satelec, Merignac, France) onto the tooth surface through a water spray and compressed air; air supply was 4.6 to 7.0 kg/cm2. There were 10 teeth in each subgroup. This laboratory experiment used a 3 X 3 factorial design.
Contact-Angle Measurements
After prophylaxis treatment of each tooth for 30 S, contact angles were measured in an enclosed chamber at 20 "C. Prior to the contact-angle measurements the samples had to be rinsed with water spray and then dried for approximately 90 min to remove loosely bound water.I9 Contact angles were measured on the vestibular face of the teeth. First a measurement using distilled deionized water, pH 6.9, was made and used as control to avoid the influence of specimen characteristics like differences in vestibular curvatures, surface roughness etc., on the final contact-angle measurements. After this, contact-angle measurements with orthophosphoric acids were made.
The experimental setup used for the contact-angle measurement was similar to that of Cheng et a1.20 A micropipette (Labystems Oy, Helsinki, Finland) was used to dispense two drops ( 5 pL each) of the substance onto the surface of the samples. It must be noted that the magnitude of the contact angle was independent of the size of the drop.2' A 100-mm macro (Elmar, Leitz Wetzlar) was mounted on a Burle TC-654 EX CCD monochrome camera (Burle, Cork, Ireland). The video signal was transmitted to the DT 2855 (Data Translation Frame Grabber Board, Marlboro, VT). Images are captured in real time with 256 gray levels and 768 X 5 12 square pixel resolution. A 486 PC computer was used to acquire the image from the Frame Grabber and to perform computations.
Axisymmetric drop shape analysis (ADSA) is a technique to determine liquid-fluid interfacial tension and contact angle from the shape of axisymmetric menisci, that is, from sessile as well as pendant drops.22 The employed method is to fit the shape of an experimental drop to a theoretical drop profile according to the Laplace equation, where R , and R2 are the principal radii of curvature of the drop and AP is the pressure difference across the curved interface. The surface tension as well as the contact angle were then computed from the best numerical fit to the Laplacian curve.
Apart from local gravity and the densities of liquid and fluid phases, the only information required by ADSA was several arbitrary, but accurate, coordinated points selected from the drop profile.
The computer software provided" the values of interfacial tension y, drop volume V, surface area A , and radius of curvature at the apex R,. In the case of a sessile drop it also provided contact angle 8 and the radius at the three phases contact line.
Acid viscosities were measured by a viscometer (Brookfield Dial Reading Viscometer, model DV-1, Brookfield Engineering Laboratories, Inc. Stoughton, MA). All samples were measured at constant temperature (20 "C) .
SEM was performed on enamel surfaces cleaned by the two different methods. The samples were dried in an oven (Sample Dry Keeper, Sampletec Corp., Japan), and cemented to aluminum SEM stubs and coated with gold for 4 min using the Polaron Equipment Limited SEM Coating Unit E 5000 (Comercial Assens-Llofriu S.A., Barcelona, Spain). All samples were examined under SEM (DSM 950, Zeiss, Germany). A magnification of 2000X was used on all samples for comparative purposes. Ilford FP4 films were developed and printed according to the manufacturer's instructions.
Statistical Analysis
The measurements of contact angle were studied in a twofactor ANOV A, including the interactions. Wettability 
RESULTS
Viscosity values (cps) were different for the three acids: 3M (4.7 5 0.1 cps), RMO (301.2 t 0.1 cps), and Vivadent ( 1 100 +. 0. I cps) . Distilled water showed a viscosity value of 2.5 -+ 0.1 cps.
The contact-angle measurements were significantly lower ( p < 0.001 ) with water than with the acids. Cosine contact-angle values with water were X = 0.62 and SD = 0.09 and with acid were X = 0.43 and SD = 0.13 (high cosine means low angle values).
Results for the three acids as affected by prophylaxis type are shown in Table I . Two-factor ANOVA tests indicated that surface pretreatment had a statistically significant effect on the prophylaxis. The air-powder polisher provided lower contact angles (better wettability ) than did the other groups. Prophylaxis with pastes displayed the highest contact angles of all (least wettability ) .
The 3M orthophosphoric acid revealed the lowest contact-angle measurements followed by RMO and Vivadent acids (Tables I, 11) .
When data were grouped according to the mode of prophylaxis, examination of wettability water on enamel revealed significant differences ( F = 20.48, p < 0.001 ). Multiple comparison t tests ( Newman-Keuls) indicated that when paste was used for prophylaxis, the wettability was significantly less (cosine angle values were X = 0.447, SD = 0.053) than when no treatment was applied on the enamel surface (2 = 0.556, SD = 0.101). Wettability in this last group was also significantly less than the one obtained in the group of air-powder polishing (X = 0.563, SD = 0.076) at a 95% level of confidence.
Type of prophylaxis and type of acid showed statistical differences: when prophylaxis with paste was used, the three acids showed similar levels of wettability (Fig. 2) ; differences among the three acids were greater when no treatment was applied on the enamel surface and when the air-powder polisher was used; 3M acid showed the best wettability values.
The scanning electron micrographs (at 2000X magnification) showed morphological differences between the two prophylaxis treatments. The air-powder polisher created the roughest looking enamel surface (Figs. 3,4) .
DISCUSSION
Contact-angle measurement is one of the best methods for monitoring the properties of test surfaces in adhesive re- Dependent variable: contact-angle cosine between acid and enamel: predictive factors: prophylaxis and acid type; adjuster covanate: distilled water contact-angle cosine. The multiple R 2 ofthc model (the proportion ofvariability, sum ofthe squared) explained by the three single predictor variables is41.670. df, degree offreedom.
a Pastc < no prophylaxis < prophy Jet. Multiple comparisons by the Student-Newman-Kculs procedure at 0.05 levels. Vivadcnt = RMO < 3M. Multiple comparisons by the Student-Newman-Keuls procedure at 0.05 levels.
search when an extremely sensitive method is required. But contact-angle interpretation can only be achieved if several assumptions are valid: the solid must be rigid, nondeformable, dry, and smooth. In our case the surface was not ideal, because we used human teeth surfaces for the contact-angle measurements. The human tooth presents an almost flat surface: the vestibular face of the crown. Consequently, a rigorous thermodynamic treatment cannot be applied. Nevertheless, contact-angle measurement can be a good index of the wettability properties and has been previously recorded on human teeth in natural conditions." Water gave the lowest contact-angles values, similar to those reported
Paste
No prophylaxis Prophy-Unit by Baier on the outer surfaces of front teeth before brushing. The 3M acid, which showed the lowest viscosity values, provided lower contact-angle values than the other acids. It is known that an intimate molecular contact between dental enamel and the acid is a prerequisite for developing a good acid-etching technique. This means that the liquid must wet the solid surface and have a relatively low viscosity in order to penetrate the micropor~sities.~~ Viscosity is an intrinsic fluid property and viscous liquids reach their equilibrium contact angles more slowly than nonviscous liquids, so orthophosphoric acid gels (high viscosity) were introduced to confine the acidicetching agent to the intended site of application and to reduce overflow onto the dentin and minimize the accidental etching of adjacent tooth structure. In the same amount of time (45 s approximately) acid gels will spread less than liquids on the enamel surface. Some studies reported that acid solutions etched the enamel more uniformly than gels 26327 and therefore, using a viscous gel reduced the effectiveness of the acid; these findings are in accordance with Pousville law, and penetration of a fluid substance increases when viscosity and contact-angle val- ues are low.28 Other authors found no differences between liquid and gel etchant All ofthese later studies were performed on occlusal fissures. All concluded that the inability of the acid to penetrate was not dependent upon the form of the acid, but on the presence of debris and organic integuments within the grooves. Recently, two studies showed that increased penetration of occlusal sealants resulted from partially removing this organic mat e~i a l .~,~~
In this study, changes in wettability of enamel surfaces were measured after air polishing and prophylaxis with fluoride-free pastes. The lowest contact-angle values were obtained with the air-polishing instrument, possibly because the enamel surface is easily contaminated by saliva, which lowers the surface energy and impairs the wetting by the acid" ; all these contaminants can influence dental adhesion in a negative way. [34] [35] There are numerous studies indicating the need to clean teeth before e t~h i n g .~~-'~ The absorbed films dictate the functional tooth surface properties, and these influences persist even after vigorous brushing. l o This acquired pellicle is not easily removed, even by conventional pumice or prophylaxis paste pretreatment. 30-32.40 .4 I High contact angles (low wettability ) were obtained on surfaces treated with prophylaxis pastes and on surfaces without treatment. Several authors claim that air-powder polishing is the preferred method to remove all these remnant^.^"^*'^.^^ The present results using the contact-angle assay confirm these previous studies.
The air-powder polisher also increased the enamel surface roughness (Figs. 3, 4) . 43 The effect of surface roughness on contact-angle measurements is defined theoretically by the equation of W e n~e l~~ and in general the observed contact angles are reduced when surface roughness increase^.'^ Surface roughness may also improve micromechanical retention of resin to ename1.34343.45346
Using a bristle brush with prophylaxis paste rotating in a low speed handpiece, similar contact angles were found with the three acids (Fig. 2) . This could be due to contaminants such as lubricating oil from the hand piece^^^ or organic vehicles in the prophylaxis pastes, 32 which appear to influence the acid wettability negatively. This is a factor that needs additional research, because there are few studies on this
The effect of prophylaxis agents on the enamel surface should also be analyzed.
